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Mesangial cell accessory functions: Mediation by intercellular adhesion
molecule-i. Mesangial cell (MC) proliferation is an early pathologic
alteration characteristic of many forms of immune mediated glomeru-
lonephritis. The intracapillary position, contractile capacity, and pro-
duction of cytokines and other inflammatory molecules place MC in a
pivotal position to initiate, mediate, and direct glomerular damage. We
as well as others have noted increased levels of cytokines including
IFNy, TNF, and IL-I and the cell surface MHC class II and ICAM-l
molecules in the kidneys of mice with lupus nephritis. MHC class II and
ICAM-l molecules are central to the interaction of T cells with antigen
presenting cells (APC). Since cytokines can increase both MHC class II
and ICAM-l molecules, we investigated whether mesangial cells could
function as APC or accessory cells after cytokine stimulation. For these
studies we established a permanent MC line through transformation
with origin-deficient SV4O DNA. Surface expression of ICAM-l was
similar in untransformed MC as well as SV4O transformed MC from
normal mice and in untransformed cells from mice with lupus nephritis.
Basal expression of ICAM-l was upregulated rapidly by IFN7, TNF,
and IL-I. MHC class 11 expression could not be induced with TNF or
IL-I alone but required prolonged stimulation with IFNy. MC adhered
and presented antigen to an antigen specific lak restricted T cell
hybridoma. Anti-ICAM- I mAb decreased adhesion and antigen presen-
tation of cytokine stimulated MC. By comparison, MHC class II mAb
abrogated antigen presentation by MC bearing MHC class IL but did not
block adhesion. Thus, MC, by their unique glomerular location, con-
tractile capacity, cytokine production, adherence, and antigen-present-
ing capability, are in a pivotal position to initiate and direct renal injury.
An increase in mesangial cells (MC) is an early prominent
feature of glomerulonephritis [1]. MC are contractile cells
located between capillaries of the glomerulus. They are readily
accessible to the many cellular and non-cellular challenges
presented by the 1200 milliliters of blood flow through the
kidneys each minute [2] since cytoplasmic processes, devoid of
a basement membrane, extend into the capillary lumen. They
have a broad range of functions sharing several properties
characteristic of macrophages, endothelial, and smooth muscle
cells. MC and macrophages secrete cytokines including inter-
leukin-1 (IL-I) and tumor necrosis factor (TNF) [3, 4]. Like
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macrophages, MC phagocytose immune complexes [5], synthe-
size prostaglandins [6], express Fc receptors [7], and release
reactive oxygen species [8]. In addition, MC share with endo-
thelial and smooth muscle cells the ability to regulate the
volume and distribution of blood flow in the glomerulus [9]. By
virtue of these features, MC, may mediate renal injury.
It has been suggested that MC may function as antigen
presenting cells (APC) [10]. The ability to present antigen to T
cells requires the expression of MHC class II molecules, which
may be induced on MC by certain cytokines [10]. In addition,
the avidity of the interaction between an antigen presenting cell
(APC) and T helper cell may be increased by adhesion mole-
cules such as intercellular adhesion molecule-i (ICAM-1), a
91-110 kDa sialoglycoprotein whose ligand is lymphocyte func-
tioning antigen-I (LFA-l) [11]. In munne models of lupus
nephritis, in which IFNY, TNF, and IL-I are overexpressed in
kidneys [12—15] there is an increase in MHC class II and
ICAM-l in the mesangium [16, 17]. MC expression of MHC
class II in nephntis may be low, initially. Since ICAM-l
expression may be necessary to strengthen cellular interactions
where MHC class II expression is low [18], we postulated that
an APC function of the MC would be mediated in part through
ICAM- I. Recently, a monoclonal antibody (mAb) recognizing
murine ICAM-1 was identified, and the cDNA encoding the
murine ICAM-l was isolated [19, 20], allowing us to study
ICAM-l expression in MC.
Because cultured MC may lose properties of differentiation
within only a few passages [21], we transfected primary cultures
of MC from normal mice with SV4O origin deficient DNA and
established a permanent, differentiated MC line. These MC
expressed ICAM-l basally as did cultured MC from normal or
mice with lupus nephritis. Expression increased rapidly when
MC were stimulated with cytokines. We also studied the
importance of ICAM- 1 in T cell binding and antigen presenta-
tion. Blocking studies with mAbs confirmed the importance of
ICAM-1 in both adherence and antigen presentation assays. In
comparison, MHC class II did not contribute to adherence of T
cells, but was required for antigen presentation. The ability of
MC, co-expressing ICAM-1 and MHC class II molecules, to
present antigen provides a mechanism for MC to play a key role
in immune mediated nephritis.
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Methods
Mice
Normal C3H/FeJ (H2k), autoimmune MRL/MpJ-lpr/lpr
(MRL-lpr) (H2k) and (NZBxNZW)F1(NZB/W) (H-2') female
mice were obtained from The Jackson Laboratory (Bar Harbor,
Maine, USA) and maintained in our animal facility on standard
laboratory chow.
Reagents
Tissue culture media and reagents were from Grand Island
Biological Company, New York, USA. Chemicals were pur-
chased from Sigma Chemical Company (St. Louis, Missouri,
USA), unless otherwise indicated. Monoclonal antibodies
(mAb) 10-2.16, (anti-I-A", mouse IgG2b), MK-D6 (antiIAd,
mouse IgG2a" and YN 1/1.7.4 (anti-murine ICAM-l, rat IgG2a)
were prepared as described previously [171. All antibodies were
biotinylated using a standard protocol. Biotinylated anti-Lyt.2
was purchased (anti-CD8, rat IgG2a, Becton-Dickson, Moun-
tain View, California, USA). Mouse mAb (IgG) to cytokeratin
was purchased (Labsystems Oy, Helsinki, Finland), as was
rabbit antiserum to human factor VIII (Behring Diagnostics, La
Jolla, California, USA). Rabbit antiserum to human von Wille-
brand Factor (vWF) was a gift from Dr. R. Handin, Harvard
Medical School. In some experiments, unbiotinylated antibody
was used. Murine recombinant (r) IFNy (1.0 mg/mI, 5 X 106
U/ml) and murine rTNFa (0.98 mg/mI, 1.2 x l0 tJmg were
provided by Genentech (South San Francisco, California,
USA). Murine rIL-la was donated by Hoffman-LaRoche (Nut-
ley, New Jersey, USA). Lipopolysaccharide (LPS, S. minne-
sota) was from Calbiochem (Behring Diagnostics, La Jolla,
California, USA).
Mesangial cell isolation and growth
MC cultures were obtained by an adaptation of a previously
described method as previously described [14, 221 using colla-
genase dispersion of sieved glomeruli. Cell monolayers were
treated with trypsin (0.025%) EDTA (0.5 mM) and passaged as
needed in high (15 to 20%) fetal calf serum (FCS) containing
media. This method selects for MC based on the fastidious
growth requirements of the various glomerular cell types [23].
Cells were identified by phase contrast microscopy. MC were
further identified and characterized by the presence of hillocks
[24], growth in the presence of D-valine substituted media [25],
andactin fiber immunofluorescence after staining for 15 minutes
at room temperature with tetramethylrhodamine isocyanate
(TRITC)-phalloidin 10_6 M [26]. MC did not stain with anti-
cytokeratin or anti-MHC class H mAb and lacked alkaline
phosphatase activity [27]. They were also negative for vWF and
factor VIII. Cells from C3H/FeJ mice were designated CCM for
C3H cultured mesangial cells. All cells were used between the
fifth and fifteenth passage for studies.
Generation of SV4O transformed MC lines
Afterthe fifth passage, monolayers of mesangial cells derived
from normal two-month-old C3H/FeJ (H-2") were transfected
with origin-deficient SV4O DNA mutant 6-1 in pMKI6 [28] using
the Lipofectin Reagent method [29] (Bethesda Research Labo-
ratories, Gaithersburg, Maryland, USA), and designated CSM
(C3H-5V40 transfected mesangial cells). Distinct foci of out-
growing cells became apparent after six weeks and were trans-
ferred to 24 well plates. These cell lines were stained for the
presence of the large T SV4O surface antigen with supernatant
from PAID 101 cells obtained from the American Type Culture
Collection (ATCC, Rockville, Maryland, USA) and evaluated
as MC, as described above.
RNA extraction and Northern analysis
Total RNA from cell monolayers was obtained using a
single-step extraction method, as described elsewhere [30].
RNA (25 jsg) was denatured with 1 M glyoxal and 50% dimeth-
ylsulfoxide (DMSO), electrophoresed, transferred onto nylon
membranes (Gene Screen, New England Nuclear, Boston,
Massachusetts, USA), baked at 80°C for four hours, and then
prehybridized, as described [13]. The cDNA insert of K4-l .1
clone encoding the murine ICAM-l was isolated by EcoRI
digestion of the plasmid [20]. The MHC class II An" probe has
been described elsewhere [16]. Probes were radiolabeled by the
random primer method. Blots were hybridized for 16 to 26 hour
at 60°C (42°C for /3-actin probe) and washed at room tempera-
ture with 2x SSC, 0.1% SDS x 2; 0.5x SSC, 0.1% SDS; and
0.1 x SSC, 0.1% SDS, The final stringency wash was at 65°C
with 0.lx SSC, 0.1% SDS for one hour. Following hybridiza-
tion the blots were exposed to Kodak X-AR film. All blots were
rehybridized with /3-actin to ensure that RNA was present for
hybridization.
Flow cytometric analysis
Confluent monolayers of MC were treated with cytokines for
various time periods then gently trypsinized to produce a
single-cell suspension and labelled using antibody at optimum
concentrations. Controls included cells without primary anti-
body or stained with irrelevant isotype matched mAb's. Phy-
coerythrin (PE)-conjugated streptavidin or fluorescein (FITC)-
conjugated affinity-purified goat anti-mouse or rabbit anti-rat
IgG F(ab')2 were secondary reagents. Cells were fixed in 2%
paraformaldehyde and analyzed on an Epics flow cytometer
(Coulter Electronics, Hialeah, Florida, USA).
Cell adherence assays
Cultured MC monolayers from C3H mice (CCM) or CSM
were grown in 96-well flat bottom plates (Costar, Cambridge,
Massachusetts) in the presence or absence of IFN7 100 U/mI +
TNF 100 ng/ml for 24 hours. Stimulated monolayers were
treated with anti-ICAM-l, I-A", or I-A" mAb at a final concen-
tration of 10 pg/mI. A2A2 cells (a subclone of A2.2B2 [31],
provided by Dr. L. Glimcher, Harvard Medical School), an
I-A" restricted T cell hybridoma were labelled with 200 to 300
pCi of Na251CrO4 in 300 d media plus 50 jsl FCS for 1.5 hours
on a rocking platform at 37°C, washed, added to the wells, and
incubated for three hours at 37°C. Non-adherent cells were
removed by gentle washing and aspiration of three 100 p1
aliquots of warmed media with the plate held at 45°. Wells were
assessed visually and photographed with a Nikon inverted
phase microscope. Cells were then lysed with 0.1 M NaOH. A
100 p1 sample of each well was taken and counts per minute
(cpm) from adherent cells were measured using a Beckman
scintillation counter (Irvine, California, USA).
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Antigen presentation
Normal (CCM) or SV4O transformed MC (CSM) were cul-
tured for 48 to 72 hours in presence or absence of IFN7 100
U/mI and TNF 100 nglml to maximize class II and ICAM-1
induction. The TA3 B-cell hybridoma (provided by Dr. L.
Glimcher), which expresses class II constitutively, (I-A)was
used as a positive control. Antigen presentation was evaluated
by using the IAkrestricted T-cell hybridoma A2A2, which is
specific for hen egg-white lysozyme (HEL), as previously
described [31]. This hybridoma secretes IL-2 when co-cultured
with class TI-matched antigen presenting cells (APC) in the
presence of the appropriate foreign antigen. MC or TA3 cells (5
x 10) were co-cultured with 5 x io A2A2 cells in 96 well
plates with 1 j.g/well of HEL. Monoclonal antibodies at a final
concentration of 10 g/ml were added to some wells to assess
inhibition of antigen presentation. Separate samples of each cell
type were also analyzed for the presence of ICAM-1, IAk, or
IAd by fluorescence microscopy. After 24 hours, supernatants
were collected and assayed for IL-2 content in a secondary
culture using HT-2 cells, an IL-2 dependent T-cell line. HT-2
cells (provided by Dr. A. Abbas, Harvard Medical School) (1 x
l0) were cultured for 24 hours in the presence of serial
dilutions of the primary culture supernatant. Scoring of viable
cells in IL-2 containing media was by the addition of [4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT)
[32]. Living cells cleave the tetrazolium ring from MiT, pro-
ducing a blue formazan salt which was solubilized with an equal
volume of 10% sodium dodecyl sulphate and the optical density
(OD) 570 to 650 nm measured using a Dynatech microelisa
reader (Molecular Devices Corporation, Palo Alto, California,
USA). Human rIL-2 (Biogen, Cambridge, Massachusetts,
USA) was used as a positive control.
Statistical analysis
Statistical analysis was performed with the Statview SE+
package (Abacus Concepts, Berkeley, California, USA). Treat-
ment groups were compared by one way analysis of variance.
All results are expressed as mean SEM.
Results
Transfected and cultured glomerular cells share MC
characteristics
After several passages in high FCS media, the homogenous
cultures of cells appeared to have the typical spindle shaped
morphology of MC and formed hillocks after prolonged culture
[24]. These cells grew in the presence of D-valine substituted
media, thus excluding fibroblast contamination [25], and exhib-
ited prominent actin fiber staining with phalloidin, a marker for
MC [26]. They did not possess alkaline phosphatase activity, an
enzyme on the brush border of proximal tubular epithelial cells
[27], nor did they stain for vWF or factor VIII, markers for
endothelial cells. Cytokeratin, a marker for epithelial cells, and
MHC class II, a marker for bone marrow-derived macrophages
[33], were absent at baseline. After approximately 30 passages
these cells lost their typical morphology.
Transformed MC (CSM) proliferated more rapidly, had
slightly less prominent stress fibers, and did not spread out on
culture dishes as extensively as normal MC (Fig. 1). Trans-
formed cells also had nuclear expression of the SV4O large T
antigen, but otherwise shared defining characteristics (Table 1).
After more than 30 passages CSM have retained their defining
morphology and characteristics.
ICAM-1 on MC is expressed rapidly in response to cytokines
Single-cell suspensions of MC were analyzed by flow cytom-
etry with anti-ICAM-l mAb (Fig. 2). ICAM-1 basal expression
on CCM, CSM, and mice with lupus nephritis (MRL-lpr and
NZB/W were low (9 to 25%), with the lowest expression by
CSM (9%) and MC from NZB/W (13%). Thus, SV4O by itself
did not increase basal ICAM-1 expression in these cells. A
similar pattern of induction of ICAM- 1 by cytokines was seen in
all cell lines with maximal induction occurring with the combi-
nation of IFNy and TNFa.
To study the kinetics of ICAM-l expression, we stimulated
CCM and CSM with various cytokines. Stimulation of CCM
with cytokines produced a rapid and near maximal increase in
ICAM-1 surface expression within three hours with individual
cytokines (Table 2). The combination of IFNy and TNF or
IFN7 and IL-la further increased (2-fold) ICAM-1 after 24 to 72
hours. Similar kinetics for surface expression were observed
with CSM (not shown).
Similar to surface expression, northern analysis (Fig. 3) of
total RNA from CCM and CSM, showed maximal induction of
ICAM-l mRNA transcripts with the combination of IFN7 +
TNF or IFNy + IL-i. IL-l induced ICAM-1 transcripts equally
in transformed and cultured MC. IFNy alone induced ICAM-l
in CCM, whereas the response to IFNy in CSM was slight.
TNF clearly induced ICAM-i transcripts in CSM, while the
induction of CCM was minimal. We did not detect basal levels
of ICAM- 1 from cells grown in media alone.
ICAM-! and MHC class II are regulated differently
Unlike ICAM-l, there was no basal expression of MHC class
II molecules on MC. Furthermore, although cytokine stimula-
tion caused induction of MHC class II, expression was not
clearly detectable before 48 to 72 hours. In contrast to ICAM-l,
TNF and IL-i did not induce MHC class II. Although the
surface expression of MHC class II antigen required IFNy (25
4%, N = 3), it was maximal with a combination of IFNy +
TNFa at 72 hours (62 20%, N = 4). When IL-la was
combined with IFN7, the two cytokines did not act synergisti-
cally. Similar to surface expression, IFNy was required for the
induction of MHC class II mRNA (not shown). Unlike mRNA
expression for ICAM-l, which was evident after three hours of
stimulation, expression of MHC class II required overnight
stimulation with IFNy (not shown).
Adherence of MC to a T cell hybridoma is facilitated by
ICAM-1
Basal adherence of A2A2 cells to unstimulated CCM (media)
was minimal (Figs. 4 and 5). Adherence increased when MC
monolayers were stimulated with y + TNFa for 24 hours to
increase ICAM-l prior to co-expression of MHC class II.
Incubation of stimulated MC with anti-ICAM- 1 mAb decreased
adherence to basal levels while anti-MHC class II mAb (IAk or
IAd) did not reduce adherence. Results for CCM and CSM
were similar in five separate experiments.
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Fig. 1. Non-transformed and transformed MC appear similar. Cultured C3H MC (A) spread further than SV4O transformed MC from C3H mice
(B) but have similar morphology. (Phase contrast microscopy at 200x magnification).
Table 1. SV4O transformation does not alter mesangial cell
characteristics
Cultured
mesangial
Transfected
mesangial
Spindle shaped + +
Hillocks + +
Growth in D-valine + +
Actin fibers + +
Alkaline phophatase — —
Cytokeratin — —
vWF — -
Factor VIII —
MHC class II — —
Large T antigen — +
Cultured MC from normal and nephritic mice were obtained through
a differential sieving technique, collagenase dispersion, and culture in
15 to 20% FCS. MC from normal mice were transformed with origin
deficient SV4O DNA. Nuclear staining for the large T antigen of SV4O
was present only in the transformed cells.
Anti-JCAM-1 mAb and anti-class II mAb block antigen
presentation by stimulated MC
Unstimulated MC did not present antigen. MC stimulated
with IFNy 100 U/mi and TNF 100 ng/ml for 72 hours were able
to present antigen to A2A2 cells (Fig. 6). Anti-ICAM-1 mAb
blocked antigen presentation by CCM almost to baseline at all
dilutions of primary culture supernatant (Fig. 6A). Although
significant (P < 0.05), blocking with anti-ICAM-l mAb was less
effective for CSM (Fig. 6B). Anti-ICAM-1 was least effective on
TA3. Anti-MHC class II (IAk) mAb completely blocked anti-
gen presentation by MC and partially blocked antigen presen-
tation by TA3. The reason for the blocking by anti-IA' is
unknown, but the effect was small and observed only with the
CCM line.
To examine whether the differences in antigen presenting
capacity between the cell lines was due to different levels of
ICAM-1 and MHC class II expression, we analyzed samples of
cells used in the antigen presentation assays by FACS. TA3
cells were 97% positive for IAk with a high surface density with
mean log fluorescence intensity =202. In contrast 39% of CCM
and 76% of CSM were positive for class II with lower cell
surface density of MHC class II (mean log fluorescence inten-
sities = 133 and 128, respectively). TA3 also expressed the
highest percentage of cells positive for ICAM-l, 95% versus
79% of CCM and 81% of CSM, but surface density was lower
(mean log fluorescence intensity = 97 for TA3 vs. 130 for CCM,
vs. 119 for CSM). It appeared that the ability to block antigen
presentation by anti-ICAM-! mAb was greatest when MHC
class II was lowest.
Discussion
Mesangial expansion in the kidney glomerulus during renal
injury is related to an increase in extracellular matrix, prolifer-
ation of MC and/or infiltration of monocytes and macrophages
[33, 34J. While the macrophage has been the cell implicated in
i—1l
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Log fluorescence intensity
Fig. 2. Cytokines increase !CAM-1 expression on MC. Confluent monolayers of non-transformed mesangial cells from normal C3H (CCM) and
nephritic mice (MRL.lpr and NZB/W) and transformed cells fromnormal mice C3H:SV4O (CSM) were incubated for 24 hours in RPM! + 15% FCS
(media-unstimulated) or fresh media with one of the following additives (stimulated): IFN7 100 U/mI, TNFa 100 ng/ml, IL-Ia 100 ng/ml, IFNy 100
U/mI + TNFa 100 ng/ml, or IFN7 100 U/mI + IL-la 100 ng/mI. Expression of ICAM-I was compared to background and unstimulated controls.
Table 2. ICAM- I is rapidly increased in response to several
cytokinesa
Treatment
3 hrb
(N = 3)
24 h(N =rc3)
72 hrd
(N = 2)
Media 22 I 17 1 21 2
IFN7 33±9 44± 5 36±11
TNFa 58 20 41 6 66 14
IL-la 39±8 49± 10 44±3
IFNy + TNFa 49 6 76 8 77 2
IFN7+ IL-Ia 41 7 55 II 76 I
a Confluent C3H MC monolayers (CCM) were treated with media,
IFN7 100 U/mI, TNFa 100 ng/mI, IL-la 100 ng/ml, IFNy 100 U/mI +
TNFa 100 ng/ml, or IFNy 100 U/mI + IL-la 100 nglml, as indicated.
Single cell suspensions were stained for the presence of ICAM-l.
Results are shown as percentage of cells positive SEM.
b p < 0.05 for TNFa vs. Media
P < 0.05 for all groups vs. Media
d P < 0.05 for all groups vs. Media except IFN7 vs. Media
many forms of glomerulonephritis, there are several distinct
diseases in which macrophages are not found in the expanded
mesangium, such as, acute malarial glomerulonephntis [35] and
IgA nephropathy [36]. MC are strategically located in the
glomerulus and share many properties of macrophages, includ-
ing the production of cytokines and the capacity for phagocy-
tosis. Based on these observations, MC may be able to mediate
some types of glomerulonephritis.
Cultured MC may lose characteristics of differentiation
within only a few passages [211. To allow long-term studies of
differentiated MC, we established a permanent MC line through
transformation of cultured MC from normal C3H/FeJ mice
using origin deficient SV4O DNA. Although others have estab-
lished MC lines from mice transgenic for the early region of
SV4O [261, our technique is simpler. Additionally, our technique
allowed us to compare characteristics of SV4O transformed MC
to an untransformed parent cell line. Transfection did not alter
the characteristics that define MC. Differences seen in expres-
sion of ICAM-l mRNA transcripts and cell surface molecules
Fig. 3. Northern analysis for ICAM-1 (A), and /3-actin (B). Basal
ICAM-l is not detected at the gene level. Cytokines enhance expression
of ICAM-l by 3 hours. MC from C3H/FeJ mice (CCM) (lanes 1—6) or
SV4O transformed cells (CSM) (lanes 7—12) were incubated for 3 hours
in one of the following: fresh media, IFNy 100 U/mI, TNFa 100 ng/mI,
IL-la 100 ng/mI, IFN-y 100 U/mI + TNFa 100 ng/ml, or IFN7 lOO U/mI
+ IL-la 100 ng/mI, respectively, for each cell type. Each lane was
loaded with 25 j.g of total RNA. The arrow indicates the position of the
l8s RNA marker.
may be related to additional factors such as cell density or
endogenous production of IL-I [37, 10]. Alternatively, the
differences may reflect various stages of differentiation in
cultured cells as opposed to the uniform state found in the SV4O
transformed cells. Transformed and untransformed cells have
different growth rates, however, and cytokine production and
antigen expression could be influenced by the amount and type
of extracellular matrix produced by each cell type.
Cytokine stimulation appears to be essential for the immuno-
logic role of MC. T cell hybridoma adherence to MC was clearly
increased following stimulation and expression of ICAM-I.
Adherence was blocked by anti-ICAM-l mAb, confirming the
importance of this molecule for T cell binding. In contrast,
MHC molecules, while crucial for antigen presentation, were
not required. Although others speculated that MC may be
C3H MRL-Ipr
-- — -_NZB/W -- _____ G3H.SV4O -
Contrd
Media
IFN
IFN + TNF
EN + IL-I
'-a".
1 23 4 5 67 3 9 101112
1 234 10 11 12
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Fig. 5. Adherence of a Na251CrO4 labelled A2A2 to CCM is decreased
by mAb to ICAM-1 but not MHC class II. MC monolayers were
stimulated with (IFNy 100 U/mI and TNFa 100 rig/mI) for 24 hours or
fresh media as control (unstimulated). Stimulated monolayers were also
treated with mAb to I-A", I-A", or ICAM-i as labelled.
capable of antigen presentation [101, we now clearly establish
this capacity. More interestingly, the ability of anti-ICAM- 1
mAb to inhibit antigen presentation by stimulated MC, appears
to be related to the level of MHC class II expression. This is
consistent with the previous suggestion that ICAM-1 may be of
greater importance in antigen presentation where there is lower
expression of MHC class II surface antigens [18].
In nephritic conditions in which cytokines, ICAM-l, and
0.30
0.25
0.20
0.15
0.10
0.05
=4
0.25
0.15
0 OS.
1/16 1/8 1/4 1/2
Dilutions
Fig. 6. Antigen presentation by stimulated MC is inhibited by mAb to
ICAM-1 and blocked by mAb to relevant f-A" MHC class II. Optical
density (OD) is directly proportional to IL-2 production and antigen
presenting capacity. The CCM (Cultured C3H MC, A) are mOre
sensitive to mAb inhibition than CSM (cultured SV4O transformed MC,
B), but TA3 (a B cell hybridoma, C) are less sensitive to mAb inhibition.
Results are mean SEM from one of three experiments in triplicate.
Symbols are: (0) unstimulated; (El) stimulated; (•) anti ICAM-l; (I)
anti l-A(k); () anti l-A(d).
MHC class 11 molecules are overexpressed, that is, murine
lupus models [12—17], increased ICAM-l antigen expression on
the MC surface may promote the non-specific adherence of
circulating T cells. Presentation of specific antigens or "autoan-
tigens" by MC to T cells initially engaged by ICAM-l could
lead rapidly to I cell activation and production of cytokines.
These cytokines could increase MHC class II antigens and
ICAM-l on MC to regulate the specificity and amplify the
intensity of the immune response. Furthermore, MC by their
ability to produce M-CSF [unpublished observation and 381
could promote local macrophage growth and proliferation to
induce a cascade of reactions to contribute to the mesangial
B
C
100
Fig. 4. Adherence of A2A2 T cell hybridoma cells to CCM is decreased
by mAb to ICAM-! but not MHC class II. MC monolayers were
stimulated with IFNy 100 U/mI + TNFa 100 ng/ml for 24 hours or fresh
media as control (A, unstimulated). Stimulated monolayers were also
treated with mAb to ICAM-l (B), I-A" (C), or 1-A" (D).
60.a
Media Anti I-A" Anti I-A" Anti ICAM-1
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expansion characteristic of immune mediated glomerulonephri-
tis. Based on our observations of ICAM-l expression in autoim-
mune MC, we are currently delineating the relationship be-
tween autoimmune and normal MC and the relationship among
macrophages, autoimmune MC, and normal MC.
In summary, transformation of mesangial cells with origin
deficient SV4O DNA yields highly differentiated cells, useful for
long-term studies. Mesangial cells expressing both MHC class
II antigens and ICAM-l following cytokine stimulation, func-
tion as immune accessory cells. Mesangial cells, by their unique
glomerular location, contractile capacity, cytokine production,
adherence, and antigen-presenting capability, are in a pivotal
position to initiate and direct renal injury.
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